ABSTRACT.-The section Thamnopteris is morphologically distinct among the large fern genus Asplenium, but the species recognition within this section is very difficult. To understand the species concept of this section from a cytological view, I examined chromosome numbers of fifteen samples representing eight taxa (species and intraspecific taxa). As result, seven taxa were determined to be sexual tetraploids with chromosome number 2n 5 144 and Asplenium humbertii is a sexual hexaploid with 2n 5 216. Along with the chromosome numbers reported, notes on nomenclature, diagnostic characters, and geographical distribution for the eight taxa are given. Cytological data available so far indicate that Asplenium sect. Thamnopteris is not a monophyletic group.
Asplenium L. is a natural genus with about 700 or more species in various regions all over the world (Kramer and Viane, 1990; Bellefroid et al., 2010) . Though widely accepted as monophyletic, Asplenium, with so many species, is difficult to subdivide because of a lack of suitable distinguishing characters at the intrageneric level. Asplenium sect. Thamnopteris C. Presl (1836) , or treated as a separate genus Neottopteris (Smith, 1841; Wu, 1999) , however, is one of the very few groups which can be clearly recognized. It is characterized by simple, entire fronds and intramarginal veins in morphology, is usually epiphytic on tree trunks or rocks in forests with bird-nest-like appearance, and is distributed in tropics and subtropics of the Old World.
Despite being readily recognized as a morphologically distinct group, the circumscription of species is confusing and the identification is very difficult within Asplenium sect. Thamnopteris. Since Linnaeus's A. nidus (1753) , the first member in this group, 33 taxa have been published (Tardieu-Blot, 1933; Ching and Wang, 1964; Holttum, 1974; Miao, 1980; Jones, 1988; Wu, 1989; Murakami et al., 1999) . The establishment of these taxa was mostly based on a minor variation of one or two characters, especially the shape of fronds, which results in the obscure delimitation of species. Though Holttum (1974) presented a taxonomic revision on the section Thamnopteris, his treatment was based on herbarium specimens at his time and many problems in nomenclature and taxonomy still remained. After Holttum (1974) , no taxonomic work was carried out on this group other than that of Seto (1979) and Murakami et al. (1999) who studied the morphology and the molecular systematics of Thamnopteris from Japan, respectively. Lacking a comprehensive comparison of characters, the taxonomic confusion of this section is partly reflected by the present situation that many specimens were named as ''Asplenium nidus L. s.l.'' or ''A. phyllitidis sensu Holttum'' and more than 20 new species were proposed but not formally published based on materials in various herbaria.
Aiming to revise the taxonomy of this difficult group, the present author undertook examining type collections, studying materials in large herbaria of southeastern Asia and Europe, field surveying in China, Philippines and Indonesia, chromosome counting, and gametophyte observations in last six years. Cytological data are necessary and important to understand the concepts and relationships of species and to date only A. antiquum Makino, A. australasicum, A. nidus, and A. phyllitidis D. Don have been documented with chromosome numbers n 5 72 and / or 2n 5 144 (Bir, 1960; Abraham et al., 1962; Kawakami, 1970 Kawakami, , 1997 Tsai and Shieh, 1983; Kato and Nakato, 1999; Tindale and Roy, 2002) . These cytological observations are reported as the first part of my serial studies on the taxonomy of Asplenium sect. Thamnopteris.
MATERIAL AND METHODS
Gross morphology and identification.-In order to correctly name the living materials involved in this research, gross morphology was studied based on herbarium specimens and wild and cultivated living plants. The present author examined specimens of Asplenium sect. Thamnopteris deposited in the following herbaria: BM, BO, GAUA, HITBC, IBK, IBSC, K, KUN, KYO, L, P, PE, PNH, PYU, and SING before the year 2009. The specimens of the section of Thamnopteris being examined in above herbaria amount to about 2500 collections. To understand the living state and variation of morphological characters, I made field observations in 17 trips to southern and southwestern China since 2005, one trip to Mindanao, Philippines in 2007, one trip to Java, Indonesia in 2009, and one trip to West Papua and Kalimantan, Indonesia in 2010. In each field trip, the state of following characters was determined or measured: distribution, shape, color, and size of scales; outline, size, and basal shape of fronds; prominent extent and transaction of frond midribs; distribution, length, and density of sori; color of stipes; spreading angle of fronds; and habitat. In addition, one or two living plants were introduced to my green house in South China Botanical Garden, Guangzhou, for morphological observation and chromosome counts.
Cytology.-Root tips of sporophytes or prothalli in gametophyte phase were used for chromosome counts. Living plants (sporophytes) or fresh spores were collected by me from natural populations in various localities or from Chinese gardens ( Table 1 ) and cultivated in my green house in South China Botanical Garden. Fresh root tips or immature prothalli (nearly cordate in shape, before sex organs formed) raised from spores were pretreated for 3-6 hours with 0.002 mol/L 8-hydroxyquinoline at about 25uC, then fixed for 1 hour in Carnoy's fluid (1 volume of pure acetic acid and 3 volumes of 95% ethanol) at about 4uC. The tips were hydrolyzed for 10 minutes in 1 N HCL at 60uC, macerated for 10 min in 45% acetic acid, and then stained in 2% aceto-orcein for 1-2 hours. Finally, the root tips or prothalli were squashed in 2% acetoorcein. The chromosomes were counted and photographed using a light microscope (Olympus BX41).
Reproductive characteristics.-The number of spores in a sporangium indicates the possible reproduction mode for most leptosporangiate ferns, i.e., ferns with 64 spores per sporangium reproduce sexually while those with 32 spores per sporangium reproduce apogamously (Manton, 1950; Lovis, 1977;  Walker, 1979; Kato and Nakato, 1999) . When checking the number of spores, a well-developed, intact sporangium was selected and moved to a drop of water on a microscope slide with a needle. Using the needle to break the sporangium, spores were freed from the sporangium, and then the number of spores was counted with a light microscope (Olympus BX41). For one given specimen, the spores of at least five sporangia were counted. The data on morphology and distribution given in the following section is entirely based on herbarium specimens examined and recent collections gathered by the present author.
RESULTS AND DISCUSSION
As shown in Table 1 , the somatic chromosome number is 216 for Asplenium humbertii and 144 for other species. As the basal number of chromosome (x) is 36 in Asplenium, A. humbertii is hexaploid and others are all tetraploid. In addition, my examination showed there are 64 spores in each sporangium and the spores can normally develop and produce new sporophytes for the all specimens examined cytologically in this study. Therefore, the eight species with chromosomes counted here are of sexual reproduction mode.
CHROMOSOME NUMBER, NOMENCLATURE, IDENTIFICATION, AND DISTRIBUTION
Asplenium antiquum Makino in J. Jap. Bot. 6: 32. 1929 Cytology.-The plants of this species cultivated in two botanical gardens of China were examined and determined to be tetraploid with n 5 72 ( Fig. 1 ) and 2n 5 144. The origin of the plants examined is unknown. Previously, a population of this species from Tokunoshima Isl., Japan, was reported with the same chromosome number (2n 5 144) (Kawakami, 1970) .
Diagnostic characters.-Stipe scales broadly lanceolate, 15-30 3 2-6 (8) mm; fronds narrowly lanceolate; midribs slightly prominent on both surfaces; sori long and sparse, occupying 2/3-3/4 length of veins, 6-10 sori every 2 cm length along midribs.
Distribution.-China (Fujian), Japan (common in southern islands), Korea (Cheju Island). The misreport of this species in Hainan Island, China (Wu, 1999) Cytology.-The somatic chromosome number is 144 for a population from Guangxi, China (Fig. 2) . This is the first cytological record for A. antrophyoides.
Diagnostic characters.-Stipe scales broadly lanceolate, 15-20 3 3-5 mm; fronds more or less spathulate with the upper part the broadest; midribs obviously keeled on abaxial surface with the transection deltoid; sori long and usually sparse, occupying 2/3-3/4 length of veins, 7-10 (12) sori every 2 cm length along midribs. Cytology.-Cultivated plants from South China Botanical Garden were examined. A total of 144 chromosomes were counted for sporophytes (Fig. 3) and about 72 for gametophytes. Before my examination, this species was reported to be tetraploid with 144 chromosomes based on root-tips from Middle Brother and Lord Howe Island, Australia (Tindale and Roy, 2002) .
Diagnostic characters.-Stipe scales narrowly lanceolate, 10-20 3 1-1.5 mm; fronds lanceolate; midribs distinctly keeled on abaxial surface with the transection deltoid; sori short and dense, occupying less than 1/2 length of veins, (10)13-18 sori every 2 cm length along midribs. This species is morphologically characterized by having fronds ascending steeply and midribs distinctly keeled on abaxial surface. Nakato (1987) reported a population of ''A. australasicum'' from Iriomotejima, Japan, with 144 somatic chromosomes. However, A. australasicum is known so far to be restricted to Queensland and nearby Pacific islands. The so-called A.
australasicum from southern Japan proved to be A. setoi N. Murak. & Seriz. based on molecular data Cytology.-Both the root tips and prothalli originally from a Philippine population were cytologically examined. The chromosome number is 144 for root tips (Fig. 4) and ca. 72 for young prothalli. This taxon is confirmed to be a sexual tetraploid for the first time.
Diagnostic characters.-Stipe scales narrowly lanceolate, ca. 10 3 1-2 mm; fronds lanceolate and widened at base; midribs prominent on abaxial surface with the transection elliptic; sori long and sparse, occupying 2/3-3/4 length of veins, 4-7 (9) sori every 2 cm length along midribs. In comparison with A. cymbifolium with wide fronds (18-20 cm), the form lingganum was characterized by much smaller fronds (6 cm wide). Besides the remarkable difference in frond size the form lingganum differs from the form cymbifolium in lacking dense scales on abaxial surface of midrib towards the base. So it seems more suitable to treat the form lingganum as a variety or a separate species from A. cymbifolium.
Asplenium humbertii Tardieu, Asplen. Tonkin 25, pl. 2, f. 1-2. 1932 .
Neottopteris humbertii (Tardieu) Tagawa in J. Jap. Bot. 22: 161. 1948 . TYPE.-VIETNAM. Tonkin, Jan 1886, Balansa 68 (holotype, P!).
Cytology.-A population from Hainan Island and other one from Guangxi, China proved to be sexual hexaploids with chromosome number 2n 5 216 (Fig. 5) . This species is the only hexaploid so far found in Asplenium sect. Thamnopteris.
Diagnostic characters.-Stipe scales broadly lanceolate, 8-10 3 2-3 mm; fronds more or less spathulate with long and narrow stipes; midribs slightly prominent with the transection elliptic; sori long and usually sparse, occupying more than 2/3 length of veins, 8-13 sori every 2 cm length along midribs.
Distribution.-China (Hainan, Guangxi, Yunnan) , Laos (Cammon), Thailand (Chiang Mai), Vietnam (Tonkin). Asplenium humbertii only occurs in limestone within these regions. JAPAN. Bonin: Hahajima, 3 Jun 1971, Sohma et al. 715352 (KYO) Molecular data indicate A. nidus is a complex containing several cryptic species . The data of spore morphology have showed that the perispores are fenestrate and alately folded in populations of A. nidus from South China but imperforate and costately folded in those from Java, Indonesia (pers. obs.), which supports the A. nidus in present description is a complex. A taxonomic treatment on this complex is needed.
Asplenium phyllitidis subsp. malesicum Holttum in Gard. Bull. Singapore 27: 153. 1974 . TYPE.-PHILIPPINES. Samar, Cuming 319 (holotype, K!).
Cytology.-Both root tips and young prothalli were examined for a population from Hainan Island, China (Fig. 7) , and one from Mindanao, Philippines. The chromosome number, 2n 5 144 and n 5 ca. 72, were found in both populations. In addition, a cultivated plant with the origin unknown was confirmed to be a tetraploid (Fig. 8) . This is the first cytological examination for this taxon.
Diagnostic characters.-Stipe scales narrowly lanceolate, 10-15 3 1-2 mm; fronds narrowly lanceolate; midribs obviously prominent on abaxial surface with the transection bluntly deltoid; sori long and sparse, occupying usually more than 3/4 length of veins, 7-9 sori every 2 cm length along midribs.
Distribution.-Throughout Malesia (Singapore, Malaysia, Indonesia, New Guinea, Philippines, Caroline Islands), Society Islands, Indo-China Peninsular (Thailand, Vietnam) , southwestern China (including Hainan Island This taxon is very widespread in forest area of tropical Asia and Pacific islands but herbarium materials are too often misidentified as A. phyllitidis subsp. phyllitidis or A. nidus. As being distinct from other members of Thamnopteris in bluntly deltoid midribs in transection, long and sparse sori, and exclusively spinulate perispores, A. phyllitidis subsp. malesicum is suggested to be a separate species but not a subspecies. A detailed discussion and taxonomic treatment are being prepared by the present author in another paper.
